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We conducted a systematic literature review to obtain risk
population—based fungal disease incidence or prevalence
data from China. Data were categorized by risk factors
and extrapolated by using most recent demographic fig-
ures. A total of 71,316,101 cases (5.0% of the population)
were attributed to 12 risk factors and 17 fungal diseases.
Excluding recurrent Candida vaginitis (4,057/100,000
women) and onychomycosis (2,600/100,000 persons),
aspergillosis (317/100,000 persons) was the most com-
mon problem; prevalence exceeded that in most other
countries. Cryptococcal meningitis, an opportunistic in-
fection, occurs in immunocompetent persons almost
twice as often as AIDS. The pattern of fungal infections
also varies geographically; Talaromyces marneffei is dis-
tributed mainly in the Pearl River Basin, and the Yang-
tze River bears the greatest histoplasmosis burden. New
host populations, new endemic patterns, and high fungal
burdens in China, which caused a huge impact on public
health, underscore the urgent need for building diagnos-
tic and therapeutic capacity.

ungal diseases constitute a growing problem

worldwide, causing a large, but poorly quantified,
impact on public health (I). The incidence of fungal in-
fections varies according to geographic region, socio-
economic conditions, and the number of persons with
underlying conditions. China is one of the largest coun-
tries in the world (largest population and third largest
land area). It has almost every type of weather niche,
from the Pacific coast in the south to the snowy moun-
tains in the Qinghai-Tibet Plateau, and even tropical
rain forest. Many endemic fungal infections are pres-
ent in China, along with globally distributed fungal
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pathogens. Although China has become the world’s
second largest economy, it is still a developing coun-
try, with millions of impoverished citizens who are
susceptible to fungal infections. Fungal keratitis, one of
the major causes of avoidable blindness, has been rela-
tively neglected (2). Moreover, old pathogens such as
Histoplasma and Talaromyces marneffei (talaromycosis)
have expanded (3,4); new hosts contributing to new
therapies for malignant and autoimmune disease have
increased (5,6); and new patterns, including aspergil-
losis in pulmonary tuberculosis (PTB) and chronic
obstructive pulmonary disease (COPD), are emerging
(7,8). In addition, the lack of effective drugs, shortages
of well-trained medical care personnel, and unafford-
able antifungal drugs result in severe outcomes. There-
fore, an estimation of fungal disease burden is needed
for China to increase public health awareness and fa-
cilitate effective interventions.

As in most other countries, fungal infections are
not reportable in China, and the incidence and preva-
lence are difficult to calculate because of the lack of
population-based surveillance data and few high
quality epidemiology studies. The Chinese National
Fungal Diseases Surveillance System (http://www.
chifungi.cn) was established on May 18, 2019, but no
data have been released yet. Even with this dearth of
data, we have attempted to estimate the burden of
fungal disease in China.

Materials and Methods

Study Procedures

We conducted a literature review for published epi-
demiology papers that discussed fungal infections in
China. If no epidemiological data existed for a particu-
lar fungal disease, we estimated the burden based on
fungal infection incidence or prevalence and the spe-
cific populations at risk (Figure 1; Appendix Table 1,
https:/ /wwwnc.cdc.gov/EID/article/26/9/20-0016-

Appl.pdf).

2These authors contributed equally to this article.
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Estimations of fungal burden

High-Risk Population Data

We obtained population statistics, including China’s
total, child, and female populations 14-49 years of
age, from the United Nations Population Division
(9). We derived data on HIV/AIDS in China from the
Joint Nations Program on HIV/ AIDS (UNAIDS) (10);
we used the same source to calculate the proportion
of HIV patients on antiretroviral therapy (ART). We
consulted the World Health Organization (WHO) tu-
berculosis report to obtain data on tuberculosis pa-
tients; we assumed that 5.6% of these patients died
(11). The numbers of lung cancer and hematological
malignancy cases were derived from Global Cancer
Observatory (GLOBOCAN) reports (5); data related
to transplant recipients were derived from China
Organ Transplantation Registration System (COTR)
(12). For other high-risk populations, we extracted
data from relevant published reports (Table 1).

Selection of Studies for Incidence or Prevalence Data

We conducted a systematic literature review and
identified published epidemiology papers. We
searched Web of Science, PubMed, and Embase data-
bases for all the eligible studies published during Jan-
uary 1, 1950-October 7, 2019. Studies selected for this
analysis were published in English; we included pop-
ulation-based incidence studies, population-based
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surveillance systems, and national investigation data.
If no available incidence or prevalence data from Chi-
na were found, we considered published global or
international data. All search strings are listed in Ap-
pendix Table 2 and studies contributing to estimates
for each fungal disease are listed in Appendix Table
3. All the assumptions and calculations for different
fungal diseases are detailed in Table 2.

Analysis of Data

Candidiasis Burden Estimations

We estimated burdens of invasive candidiasis, Can-
dida peritonitis, Candida peritonitis as a complication
of chronic ambulatory peritoneal dialysis (CAPD),
and recurrent vulvovaginal candidiasis (RVVC).
To estimate invasive candidiasis, we first assessed
candidemia incidence in intensive care units (ICUs).
Because =20% of candidemia episodes in Asia occur
in ICUs (19), we used these data to estimate annual
incidence for all units. We then estimated Candida
peritonitis by assuming that there were 2 episodes
of candidemia per episode of intraabdominal can-
didiasis in the ICU, based on a large prospective
study (20). In addition, we estimated Candida peri-
tonitis in CAPD using data from the First Affiliated
Teaching Hospital in Tianjin (21). For RVVC, when
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Table 1. Population characteristics in China, by age, gender, high-risk factors, and underlying diseases*

Population characteristic No., in thousands Reference

Total population 1,433,784 UN, 2019 (9)

Population of children 0-14 y 254,930 UN, 2020 (9)

Female population, 15-49 y 403,377 UN, 2020 (9)

Population >40 y 688,074 UN, 2020 (9)

People living with HIV 810 UNAIDS, 2017 (10)

Proportion of HIV patients on ART 40% UNAIDS, 2017 (10)

Adults living with HIV and CD4 <200 cells/uL 106 Assumes a 5-y decline in immunity

AIDS related deaths 26 UNAIDS, 2017 (10)

Annual cases of TB 856 WHO 2017 (11)

Annual cases of pulmonary TB who survive 844 WHO 2017 (11)

Adults with asthma (4.2%) population 49,512 Huang, 2019 (13)

Adults with COPD (7.2% of population) 102,377 Zhu, 2018 (14)

Adults with COPD admitted to hospital each year (20.1%) 29,382 Zhu, 2018 (14)

Lung cancer 774.3 GLOBOCAN, 2018 (1)

Liver transplants per year 4.73 COTR (12)

Renal transplants per year 10.8 COTR (12)

Lung transplants per year 0.3 COTR (12)

Heart transplants per year 0.56 COTR (12)

Allogeneic stem cell transplants per year 5.0 Xu, 2016 (15)

Acute myelogenous leukemia 41.2 40% of GLOBOCAN leukemia and multiple
myeloma total, 2018 (7)

No. patients on peritoneal dialysis 73.9 Wilkie and Davies, 2017 (16)

Intensive care unit beds 86.0 Murthy, 2012 (17)

Intensive care admissions surviving >24 h 5,126 Du, 2013 (718)

*ART, antiretroviral therapy; COPD, chronic obstructive pulmonary disease; COTR, China Organ Transplantation Registration System; TB, tuberculosis;
UN, United Nations Population Division; UNAIDS, the Joint Nations Program on HIV/AIDS; WHO, World Health Organization.

prevalence data were not available, we used the rate
of women with RVVC from a recent global estimate
(22). We assumed that esophageal candidiasis oc-
curred in 20% of patients with HIV who were not on
ART and 5% of those taking ART annually (23). Oral
candidiasis was estimated only in patients with HIV;
we assumed that it occurs in 45% of patients with
AIDS annually (24).

Aspergillosis Burden Estimations

We calculated burdens of invasive aspergillosis
(IA), chronic pulmonary aspergillosis (CPA), aller-
gic bronchopulmonary aspergillosis (ABPA), and
severe asthma with fungal sensitization (SAFS).
We estimated the annual incidence of IA in he-
matological malignancy, solid and hematopoietic
stem cell transplant (HSCT) recipients, lung can-
cer, COPD, and deaths from AIDS. We estimated
that acute myeloid leukemia accounted for 40% of
the annual incidence of all leukemias and multiple
myeloma in 2018 (5). We took the rate of IA of 13%
in hematological malignancy from a study from Tai-
wan (25), where mold-active prophylaxis was not
given, and an equal number of cases were seen in
all other leukemia and lymphoma cases. Among al-
logeneic HSCT recipients, we assumed an IA rate
of 10% and rates in solid organ transplant recipi-
ents of 2% (renal), 6% (heart), 4% (liver), and 20%
(lung) (23). For patients with lung cancer, we used
a rate of 2.6% from a large study from China (26).
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To estimate the annual incidence of IA in patients
with COPD, we used a recent study in Guangzhou
Province, which found that the rate of IA in hospital-
ized patients with COPD was 3.9% (27). The annual
hospitalization rate was a mean of 20.9%, and the
number of patients with COPD came from a system-
atic review (28), from which we estimated the hospi-
talized patients with COPD. Although this informa-
tion was not reported from China, we assumed a 4%
autopsy incidence of IA in patients with AIDS (29).

We used the WHO 2017 figures for PTB to cal-
culate CPA (11). We calculated CPA incidence after
PTB based on our previous estimate, assuming that
22% of patients are left with a pulmonary cavity and
that 22% of these patients develop CPA each year, as
did 2% of those without a cavity (30). This calcula-
tion derives an annual incidence of CPA, which we
converted to a 5-year period prevalence by assuming
a 15% annual death or surgical resection rate. Given
that PTB is one of several underlying causes of CPA,
we conservatively assumed that PTB was primarily
responsible for 33% of all CPA cases (31).

The reported rate of asthma in adults in China
has increased from 1.42% in 2012 to 4.2% in 2019 (13).
Ma et al. ascertained that 2.5% of these patients had
ABPA (in secondary care) (32). Severe asthma propor-
tion of adult asthmatics was estimated at 10%, as in
other country estimates (23). We used a conservative
fungal sensitization rate of 33% (as in other countries)
to estimate the number of SAFS (23). No estimation
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was made about cystic fibrosis in China because few

patients currently survive to adulthood.

HIV-Related Infection Burden Estimation

histoplasmosis. We ignored other HIV-related infections
because of the lack of population-based data. We de-
rived data for patients with AIDS from those who had a
5-year decline in CD4 counts to <200 cells/mL in the to-

We estimated burdens of cryptococcal meningitis (CM),
Pneumocystis pneumonia (PCP), talaromycosis, and

tal population of HIV patients. We estimated the annual
incidence of CM at 8% in patients with AIDS (CD4 count

Table 2. Assumptions and calculations for the estimations of fungal disease burden, China*

Fungal diseasest

Assumptions

Calculations

Candidemia

1. Candidemia episodes in ICU = (ICU beds x 365/median
length of ICU stay) x (rate of candidemia in ICU/1,000
admissions)

2. 20% of candidemia episodes in Asia occur in ICU

Candidemia = Candidemia episodes in ICU/0.20

Candida peritonitis

Rate of Candida peritonitis is 50% of cases of candidemia
in ICU

Candida peritonitis = candidemia in ICU x 50%

Candida peritonitis
CAPD

1. 3.7% were Candida peritonitis in all episodes of infection

2. Overall infection incidence was 0.27 episodes/patient/
year

Candida peritonitis CAPD = peritoneal dialysis x
0.27 x 3.7%

Oral candidiasis

Assumed to occur in 45% of AIDS cases annually

Oral candidiasis = AIDS x 45%

Esophageal
candidiasis

Assumed to occur in 20% of HIV patients not on ART and
5% of patients taking ART annually

Esophageal candidiasis = (0.2 x HIV patients not
on ART) + (0.05 x HIV patients on ART)

RvvC

Assumed to occur in 7.2% of the female population 15-49
years of age

RVVC = (female population 15-49) x 7.2%

IA

1. In hematologic malignancy, annual incidence of all
leukemias and multiple myeloma x 40% x 13%

a. Acute myeloid leukemia estimated at 40% of annual
incidence of leukemias and multiple myeloma

b. 13% of patients with acute myeloid leukemia
developed IA
2. 1A in solid and HSCT recipients: assumed 10% in a-
HSCT recipients, 2% of renal transplants, 6% of heart
transplants, 4% of liver transplants, 20% of lung transplants
3. IAin 2.6% of patients with lung cancer
4. 1A in COPD: COPD patients x 20.9% x 3.9%

a. Annual hospitalization rate for COPD = 20.9%

b. 3.9% of hospitalized COPD patients developed IA
5. 1A'in 4% of HIV/AIDS patients

IA = IA in hematologic malignancy + IA in solid
and HSCT recipients + IA in lung cancer patients
+ |Aiin COPD patients + IAin HIV/AIDS patients

CPA

1. TB-related CPA: assuming rate of 22% among patients
with lung cavities, 2% of patients without cavities

2. 22% of patients with pulmonary TB have residual lung
cavities

3. One third of underlying diseases of CPA are TB

Total CPA = TB-related CPA x 3

ABPA

1. 4.2% of adults in China have asthma
2. 2.5% of adults with asthma have ABPA

ABPA = adults with asthma x 2.5%

SAFS

1. Assume a conservative 33% rate of fungal sensitization
in patients with severe asthma
2. 10% of adults with asthma have severe asthma

SAFS = adult population x 33% x 10%

CM

1. 7.1% of patients with HIV/AIDS
2. HIV-related CM is 21% of total CM
3. Annual incidence of 0.43/100,000 in children

CM = (7.1% x HIV/AIDS patients / 21%) +
0.43/100,000 x child population

PCP

1. 22.4% of HIV-positive patients during a 2y period
2. HIV-related PCP is 70.22% of total PCP

PCP = 22.4% x HIV/AIDS patients / 2/ 70.22%

Talaromycosis

Assume 20% of AIDS patients geographically exposed,
attack rate 15%

Talaromycosis = HIV/AIDS patients x 20% x 15%

Histoplasmosis

Assume 67% of AIDS patients geographically exposed,
attack rate 5%

Histoplasmosis = HIV/AIDS patients x 5% x 67%

Mucormycosis

Assume prevalence is 0.2/100,000 in total population

Mucormycosis = total population x 0.2/100,000

Fungal keratitis

0.007% of total population

Fungal keratitis = total population x 0.007%

Onychomycosis

2.6% of total population

Onychomycosis = total population x 2.6%

*ABPA, allergic bronchopulmonary aspergillosis; ART, antiretroviral therapy; CAPD, continuous ambulatory peritoneal dialysis; CM, cryptococcal
meningitis; CPA, chronic pulmonary aspergillosis; HSCT, hematopoietic stem cell transplant: IA, invasive aspergillosis; ICU, intensive care unit; PCP,
pneumocystis pneumonia; RVVC, recurrent Candida vaginitis; SAFS, severe asthma with fungal sensitization.

TExample for reading the table: burden of candidemia = candidemia episodes in ICU / 0.20 = (ICU beds x 365 / median length stay in ICU) x (rate of

candidemia in ICU/1000 admissions) /0.20 = (86,027 x 365/ 6.126) x (3.2 /1000) / 0.20 = 82,011.
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<200 cells/mL) (33) and estimated the overall CM annu-
al incidence based on the assumption that the proportion
of HIV-positive patients with CM was 21% (34). In
children, 23 cases of CM were diagnosed over a 5-year
period (2007-2012) in Shijiazhuang, giving an annual
incidence of 0.43/100,000 (35). We conservatively es-
timated the 2-year incidence of PCP at 22% of patients
with AIDS (36), which comprises 70% of total cases (37).
Only 20% of the HIV population was assumed to be
geographically at risk for infection with T. marneffei; the
attack rate was 15% in patients with AIDS (3). Dissemi-
nated histoplasmosis was assumed to occur in 5% of the
geographically exposed population (estimated at 67%)
of patients with AIDS (4).

Mucormycosis, Fungal Keratitis, and Onychomycosis
Burden Estimation

Mucormycosis is a rare fungal infection; the preva-
lence rate is 0.2-140.0/1 million population (38). We
used a global prevalence rate (2.0/1 million popula-
tion) to estimate the burden. To estimate the burden
of fungal keratitis, which is usually caused by Fusar-
ium spp. and Aspergillus spp. in China, we used the
overall prevalence of 0.007% according to a multi-
center study (2). We used the global prevalence rate
(2.6%) from 11 population-based studies to estimate
the onychomycosis burden (39).

Epidemiology Maps

For talaromycosis and histoplasmosis, which showed
new endemic trends, we prepared epidemiology
maps according to the number of reported cases in
China. We searched the PubMed database for articles
published in China during January 1, 1950-October
7,2019. Reports published in English were included.
Search strings and references contributing to the tal-
aromycosis map are listed in Appendix Table 4, and
those contributing to the histoplasmosis map are list-
ed in Appendix Table 5.

Prediction of HIV-Related Invasive Fungal Burden

We made a simple prediction model to estimate the
HIV-related fungal burden by 2050. We derived the
prediction data for total population in the next 50
years from UN data (40), and we collected data on
HIV and AIDS cases during 2012-2017 to make a lin-
ear regression model to predict the number of HIV
cases in 2050. If early testing and ART are at the cur-
rent level, we estimate that 20.4% of HIV patients will
develop advanced HIV disease over time (10). Based
on our assumptions, we also predicted the burdens
of invasive fungal diseases, including CM, PCP,
and talaromycosis.

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 26, No. 9, September 2020

Human Fungal Disease Burden, China

Results

Population Profiles

According to the UN data, the population of China
was ~1.4 billion in 2019, of whom 18% were children;
688 million adults were >40 years of age, of whom 403
million were women 15-49 years of age (9). The cur-
rent total number of reported HIV infections in China
is 810,000, and there were 26,000 AIDS-related deaths
in 2017. Thus, 784,000 persons were living with HIV
in China in 2019, of whom 60% were not receiving
ART and 165,018 had AIDS (CD4 <200) (10). The de-
tailed population characteristics and high-risk popu-
lations are described in Table 1.

Candidiasis Burden

The overall fungal burden in China, according to
major risk factors, is summarized in Table 3. In 2012,
there were an estimated 86,027 intensive care beds,
in China and the rate of candidemia in ICU was doc-
umented at 3.2/1000 ICU admissions. The median
length of stay in the ICU in China is 6.1 days. Thus,
there are 16,402 candidemia episodes in the ICU,
and we estimated a total of 82,011 episodes of can-
didemia per year in all units. Although C. albicans
remains the most common species associated with
candidiasis in ICU patients, other non-albicans Can-
dida (NAC) is becoming increasingly common, and
patients with NAC usually have longer antifungal
therapy, longer ICU or hospital stay, and slightly
higher death rates (41).

We also estimated 8,201 cases of postsurgical Can-
dida peritonitis (intraabdominal candidiasis) by mak-
ing the assumption that the rate of Candida peritonitis
is 50% of cases of candidemia in the ICU. Given that
there were 73,871 patients on CAPD in China in 2017,
we estimated 738 peritonitis cases by using the Can-
dida peritonitis episode rate of 0.01/ patient-year.

Except for cutaneous disease, recurrent Candida
vaginitis is the most common fungal disease, with as-
pergillosis, including 1A, CPA, ABPA, and SAFS, next
(Figure 2). We used the base case of RVVC prevalence
in adult premenopausal women (15-49 years of age)
previously published: 29,082,000 (range 21,812,000~
36,353,000) affected women (22). In addition, 74,258
cases of oral candidiasis and 49,240 cases of esopha-
geal candidiasis were expected annually in patients
with HIV.

Aspergillosis Burden

We obtained an estimate of 1,178,747 cases of IA
(82.1/100,000 population). We estimated 32,840
cases in immunocompromised patients and those
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Table 3. Summary of fungal infection burden in China according to major risk factors*

No. infections per underlying disorder per year Total no. Rate/100,000

Infection None HIV/AIDS Respiratory Cancer ICU cases population
Candidemia NE NE NE 65,609 16,402 82,011 5.72
Candida peritonitis

ICU + surgery NE NE NE NE 8,939 8,939 0.62

CAPD 738 NE NE NE NE 738 0.05
Oral candidiasis NE 74,258 NE NE NE 74,258 5.18
Esophageal candidiasis NE 49,204 NE NE NE 49,204 3.43
Recurrent Candida vaginitis 29,082,000 NE NE NE NE 29,082,000 4,056.681
IA NE 1,040 1,145,908 31,800 NE 1,178,748 82.21
CPA NE NE 488,716 NE NE 488,716 34.09
ABPA NE NE 1,237,797 NE NE 1,237,797 86.33
SAFS NE NE 1,633,892 NE NE 1,633,892 113.96
CM 26,249 13,086 NE 26,172 NE 65,607 4.57
PCP NE 18,482 NE 9,241 NE 27,723 1.93
Talaromycosis NE 4,951 NE NE NE 4,951 0.35
Mucormycosis 2,868 NE NE NE NE 2,868 0.20
Fungal keratitis 100,365 NE NE NE NE 100,365 7.00
Onychomycosis 37,278,384 NE NE NE NE 37,278,384 2,600.00
Total burden 66,490,604 161,021 4,506,313 132,822 25,341 71,316,101 7,002.32

*ABPA, allergic bronchopulmonary aspergillosis; ART, antiretroviral therapy; CAPD, continuous ambulatory peritoneal dialysis; CM, cryptococcal
meningitis; CPA, chronic pulmonary aspergillosis; IA, invasive aspergillosis; ICU, intensive care unit; NE, no estimation could be made because of the lack
of data; PCP, pneumocystis pneumonia; SAFS, severe asthma with fungal sensitization.

TFemale population only.

with cancer; of these, 20,000 were in patients with
lung cancer and 1,040 in patients with AIDS. The
remainder of IA cases in this immunocompromised
group were in patients with hematologic malignan-
cies, lymphoma, and transplants. We also calculated
1,145,908 IA cases derived from COPD.

In China, there were 844,500 survivors of tuber-
culosis in 2017 (11). We expect an annual incidence
of 51,683 cases of tuberculosis-related CPA, and we
estimated a 5-year period prevalence of 162,905 cases.
Because tuberculosis probably comprises only one
third of underlying CPA, the total period prevalence
estimate is 488,716 cases (34/100,000 population).

Nearly 50 million adults with asthma live in
China; of these, 10% have severe asthma. Regarding
ABPA, the assumption is that 2.5% of adult asthmat-
ics are affected, leading to a prevalence of 1,237,797
cases. Among patients with severe asthma, we esti-
mate that 1.6 million have SAFS.

Burdens of HIV-Related Infections
CM occurs mainly in immunocompromised popula-
tions other than HIV patients in China, as well as in
immunocompetent individuals. We thus obtained an
estimate of adult CM: 13,086 in patients with AIDS
and 26,172 each in immunocompromised and in im-
munocompetent persons. For CM in children, we es-
timated 77 cases annually, with an annual incidence
of 0.43/100,000 population. We calculated a total of
65,507 CM cases.

We estimated the number of patients with PCP in
China as 27,723 (18,482 with HIV and 9,241 with other
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immunocompromised conditions). This estimate im-
plies an annual incidence of 1.93/100,000 population.

We estimated 4,951 talaromycosis cases in pa-
tients with AIDS in southern China. From the lit-
erature review, we identified 3,163 cases from 12
different provinces. The provinces with the highest
prevalence are Guangxi and Guangdong, which each
reported >1,000 cases (Figure 3, panel A). Both prov-
inces are located in Pearl River Basin, possibly indi-
cating an endemic trend.

We identified 380 histoplasmosis cases in China
from the literature review (Figure 3, panel B). Most of
the cases were reported in the region where the Yang-
tze River flows, also suggesting a new endemic pattern
in China. Disseminated histoplasmosis in patients with
AIDS was assumed to affect 5,528 persons annually, but
we were unable to estimate the burden in non-HIV-
infected persons or the burden of chronic pulmonary
histoplasmosis. For the prediction of HIV-related in-
vasive fungal burden by 2050, using annual data from
2012-2017 and extrapolating with our estimates, we ex-
pect 86,303 cases of PCP, 61,105 cases of CM, and 23,117
cases of T. marneffei infection (Figure 4).

Mucormycosis, Fungal Keratitis, and

Onychomycosis Burden

We estimated mucormycosis using the global preva-
lence rate and calculated 2,868 cases. We estimated
fungal keratitis based on the total population and es-
timated 100,365 cases of fungal keratitis annually in
China. We estimated 37,278,384 cases of onychomy-
cosis using the global data.

Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 26, No. 9, September 2020
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Figure 2. Estimated annual
incidence (cases/100,000
population) of common fungal
diseases in China. ABPA, allergic

29.24 113.96 o
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| Others
Discussion population, these cases could multiply our estimates.

In this study, we estimated that 71 million persons
suffer from a fungal disease in China. A total of 2.4%
of the population is affected (excluding onychomy-
cosis because it is superficial), similar to results in
other reports from Senegal, Brazil, France, Korea and
Germany; the prevalence range is 1.6%-3.6% (1). Mul-
tiple new host risk factors other than HIV/AIDS or
hematologic malignancy, especially COPD, asthma,
and lung cancer, are associated with fungal disease.
We found that even immunocompetent children and
women may develop fungal diseases. Chronic re-
spiratory diseases, notably PTB and COPD, are risk
factors for all manifestations of aspergillosis. Old
pathogens, including T. marneffei and Histoplasma cap-
sulatum, exhibit new endemic trends; the Pearl River
Basin bears the greatest burden for T. marneffei and
the Yangtze River for H. capsulatum. Our study con-
tributes to the currently limited data on the burden
of fungal disease in China and provides a basis for
public health and research priorities.

The incidence of candidiasis has increased in
recent years (17). Candidemia is probably underes-
timated, as we have used only ICU data to explore
the total burden of all high-risk populations. Con-
sidering the wide use of broad-spectrum antimicro-
bial drugs and the demographic shift with a largely
increasing elderly population, we expect infections
to be on the rise.

We have estimated the oral and esophageal can-
didiasis burdens in HIV-positive patients; these are
certainly underestimates of these infections, because
many of the populations at risk could not be assessed,
such as patients with cancer, those taking oral or in-
haled corticosteroids, and newborns. Although the
proportions of oral or esophageal candidiasis in this
kind of population might be small, given the rela-
tively large size compared to the rather small HIV
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In addition, oral and esophageal candidiasis and colo-
nization are associated with mucosal malignancy and
particularly associated with high alcohol consump-
tion (42). If the high number of unsuspected cases
of esophageal candidiasis based on data from South
Korea is also true in China, this association could con-
tribute to the high number of esophageal cancers seen
annually in China (307,359 cases) (43), which could
further increase the social and economic burden.

IA is usually severe and fatal, unless diagnosed
early. Although profoundly immunocompromised
patients are at higher risk, the enormous estimate
for China is mostly driven by COPD (97%). Our es-
timate of IA prevalence in liver transplant recipients
of 4% is higher than the report from China at 1.7%
(44), but that study was based on histology or cul-
ture alone, which is much less sensitive than Asper-
gillus antigen detection. The same applies to renal
transplant recipients (45). Other underlying condi-
tions were newly recognized risk factors for IA, such
as diabetes mellitus, systemic lupus erythemato-
sus, and postoperative and burn infections related
to contaminated air in hospitals; these were not in-
cluded in our estimation because of the unavailable
incidence rate. Nevertheless, the number of IA cases
could also be overestimated because Aspergilli are
common fungi in the environment, and a positive re-
sult from non-aseptic fluid culture does not always
represent disease. On the other hand, we have not
estimated IA in most medical ICU patients, and not
included the potential for IA complicating annual
influenza cases or an epidemic.

In contrast to other countries, where CM is often
diagnosed in patients with HIV or immunocompro-
mised patients, in China, a high proportion of cryp-
tococcosis was reported in immunocompetent per-
sons (34). Jiang et al. reported on 159 HIV-negative
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patients with CM, of whom 85 were normal hosts;
however, whether these persons were immunocom-
petent is unknown, because several genetic predis-
position factors for CM have been found in the eth-
nic Chinese population (46). Most large-scale studies
have been conducted in adults; few were dedicated
to pediatric populations. Although children ac-
count for only 0.9%-2.0% of all cryptococcal cases,
the death rate is high, up to 43% (47). In a 12-year

A

retrospective study in Beijing, 53 pediatric case-
patients were encountered, of whom 41 had no un-
derlying conditions (48). However, the denomina-
tor was unavailable. Only an annual incidence of
0.43/100,000 HIV-negative children was reported
from the Acute Meningitis-Encephalitis Syndrome
Surveillance project (35). Because of the lack of sur-
veillance networks in China, additional studies are
required, especially for immunocompetent patients.

Figure 3. Epidemiology
maps for talaromycosis and
histoplasmosis, according
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Although histoplasmosis is a common endemic
mycosis in North America, several sporadic cases were
reported in China, especially in the Yangtze River re-
gion, which was traditionally thought to be nonen-
demic for Histoplasma capsulatum (3). However, >300
histoplasmosis cases have been reported since 1990, and
only 17 were identified as imported cases, indicating
many authochthonous cases in China (3). T. marneffei
infection, the other fatal endemic opportunistic fungal
infection disease in Asia, was reported mostly in the
southern part of China, possibly linked to an altered mi-
croeukaryotic community in subtropical rivers caused
by global warming (49). Because this disease was asso-
ciated mainly with HIV/AIDS, we estimated the inci-
dence only in HIV-positive patients. In addition, given
the low national reported statistics of HIV infection (3),
the estimation of talaromycosis burden may be far un-
derestimated. More large population-based studies are
needed to better clarify the frequency of these fungal in-
fections in these at-risk patients.

The government of China has worked to im-
prove healthcare over the past 2 decades. However,
HIV remains a major public health issue, showing
the fastest growth among 45 infectious diseases dur-
ing 2004-2013 with an annual percentage change of
16.3% (50). Therefore, we made a prediction of HIV-
related opportunistic fungal infections. According to
our data, it is likely that CM, PCP, and T. marneffei
infection are major health burdens, which call for
much more clinical training, financial support, and
public policies.
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Even though the incidence rate was low com-
pared with those for bacterial and viral infections,
our study represents a heavy fungal burden consid-
ering the immense population base and high mortal-
ity of nonsuperficial mycoses. The drawbacks of our
study are the few studies conducted in the country
for some infections; the prevalence or incidence are
not available for those diseases, including sporotri-
chosis and some dermatophytosis. Epidemiologic
studies are required and population-based surveil-
lance data remain to be estimated, both nationally
and regionally. Improved epidemiologic data are
necessary for better awareness, better diagnostics,
and better therapies.
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Appendix Table 1. Definitions of fungal diseases*

Fungal disease

Definition

Candidiasis
Candidemia

Candida peritonitis

Candida peritonitis (CAPD)
Oral candidiasis
Esophageal candidiasis
Recurrent Candida vaginitis
(RVVC)
Aspergillosis

1A

CPA

ABPA

SAFS

HIV-related fungal diseases

CM

PCP

Endemic fungal diseases

Talaromyces marneffei infection

Presence in the blood of fungi of the genus Candida

Intraabdominal infection with Candida spp., often with coexisting bacterial infection,
involving the peritoneum in most cases

Candida peritonitis occurring during continuous ambulatory peritoneal dialysis

Oral mucosa infection caused by Candida spp.

Esophageal mucosa infection caused by Candida spp.

Four or more episodes of symptomatic vulvovaginal candidiasis within 1 year, at least some

of which are mycologically confirmed

A rapidly progressive, often fatal infection caused by Aspergillus spp that occurs in patients
who are immunosuppressed (e.g., leukemia) or critically ill (e.g., severe influenza)

A long-term Aspergillus infection (>3 months) of the lung; includes several disease
manifestations, including aspergilloma, Aspergillus nodules, chronic cavitary pulmonary
aspergillosis, and chronic fibrosing pulmonary aspergillosis

A hypersensitivity reaction to Aspergillus species (generally A. fumigatus) that occurs
almost exclusively in patients with asthma or, less commonly, cystic fibrosis

Asthma with refractory symptoms, sensitization to >1 common fungi, but lacking diagnostic

criteria for ABPA (such as Aspergillus-specific IgG)

A type of meningitis caused by Cryptococcus
A serious infection caused by the fungus Pneumocystis jirovecii, in both HIV-infected and

other immunocompromised patients

Talaromycosis is an invasive fungal infection, usually found in HIV-infected persons, caused
by the dimorphic fungus Talaromyces marneffei (formerly Penicillium marneffei), which is
endemic in Southeast Asia (in northern Thailand, Vietnam, and Myanmar), East Asia (in

southern China, Hong Kong, and Taiwan), and South Asia (in northeastern India)
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Fungal disease

Definition

Histoplasmosis

Mucormycosis

Fungal keratitis

Onychomycosis

Histoplasmosis is caused by a fungus called Histoplasma. This fungus grows mainly in the
central, southeastern, and mid-Atlantic United States and South Asia. The AIDS pandemic
has elucidated a worldwide risk for histoplasmosis, including areas previously unknown to
be endemic. In this article, only disseminated histoplasmosis is estimated.

A serious but rare fungal infection caused by a group of molds called Mucormycetes.
Mucormycosis affects mainly diabetic or immunocompromised patients, occasionally others
after trauma or intravenous drug abuse

An infection of the cornea caused by a fungus

Fungal infection of the toenails or fingernails that may involve any component of the nalil
unit, including the matrix, bed, or plate, caused by many different fungi, including

dermatophytes

* ABPA, allergic bronchopulmonary aspergillosis; CAPD, continuous ambulatory peritoneal dialysis; CM, cryptococcal meningitis; CPA, chronic

pulmonary aspergillosis; IA, invasive aspergillosis; PCP, pneumocystis pneumonia; SAFS, severe asthma with fungal sensitization. Global

prevalence was used to estimate RVVC, mucormycosis, and onychomycosis cases. When the Chinese or global prevalence or incidence were not

available, burdens of some fungal diseases were not estimated, including endemic fungal infections like sporotrichosis and coccidioidomycosis and

some dermatophytosis (tinea corporis, tinea capitis, tinea pedis, tinea cruris).
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Appendix Table 2. Literature search results for fungal diseases*

Fungal disease

Search string

No. studies identified

Candidemia

Candida peritonitis

Candida peritonitis (CAPD)

Oral candidiasis

Esophageal candidiasis

Recurrent Candida vaginitis

CPA

ABPA

SAFS

cMm
PCP

Talaromyces marneffei

infection

Histoplasmosis

Mucormycosis

Fungal keratitis

Onychomycosis

(candidemia OR candidaemia) AND (incidence OR prevalence) AND China
(candida peritonitis) AND (incidence OR prevalence) AND China
(continuous ambulatory peritoneal dialysis OR CAPD) AND (candida
peritonitis) AND (incidence OR prevalence) AND China

(oral candidiasis) AND (incidence OR prevalence) AND China
(oesophageal candidiasis OR esophageal candidiasis) AND (incidence OR
prevalence) AND China

(recurrent candida vaginitis OR RVVC) AND (incidence OR prevalence)
AND China

(invasive aspergillosis) AND (incidence OR prevalence) AND China
(chronic pulmonary aspergillosis OR CPA) AND (incidence OR prevalence)
AND China

(allergic bronchopulmonary aspergillosis OR ABPA) AND (incidence OR
prevalence) AND China

(asthma with fungal sensitization OR SAFS) AND (incidence OR
prevalence) AND China

(cryptococcal meningitis) AND (incidence OR prevalence) AND China
(pneumocystis pneumonia OR pneumocystis jirovecii pneumonia OR PCP
OR PJP) AND (incidence OR prevalence) AND China)

(Talaromyces marneffei OR lenicillium marneffei OR talaromycosis) AND
(incidence OR prevalence) AND China

(histoplasma capsulatum OR histoplasmosis) AND (incidence OR
prevalence) AND China

(mucormycosis OR zygomycosis OR mucorales ) AND (incidence OR
prevalence); filters: meta-analysis, review, systematic reviews

(fungal keratitis) AND (incidence OR prevalence) AND China
Onychomycosis AND (incidence OR prevalence); filters: meta-analysis,

review, systematic reviews

60
10
5

76

89
79

11

10

47
110

59

23

270

64
197

*Reports published in English during January 1950—-October 2019 were searched. ABPA, allergic bronchopulmonary aspergillosis; CAPD, continuous

ambulatory peritoneal dialysis; CM, cryptococcal meningitis; CPA, chronic pulmonary aspergillosis; IA, invasive aspergillosis; PCP, pneumocystis

pneumonia; PJP, pneumocystis jirovecii pneumonia; RVVC, recurrent Candida vaginitis; SAFS, severe asthma with fungal sensitization.
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Appendix Table 3. Studies contributing to estimates of incidence or prevalence of fungal diseases in China*

Invasive aspergillosis

GLOBOCAN 2018: counting the toll of cancer. The Lancet. 2018;392:985.

Chen CY, Sheng WH, Tien FM, Lee PC, Huang SY, Tang JL, et al. Clinical characteristics and treatment outcomes of pulmonary
invasive fungal infection among adult patients with hematological malignancy in a medical centre in Taiwan, 2008-2013. J.
Microbiol Immunol Infect. 2018. (In press)
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